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POLYMORPHISM AND DRUG 
' . * .AVAILABILITY 

_ t>rug availability- • is. the •- .primary 
coo cer p. of every j ndivldual , concern e d ,wi th 
research, design, manufacture- or* clinical 
evaluation of drugs- Tn tha . field x>f- 
pharmacy,' the; texm ^availity. has„ -however . 
tra-jisfbTraed into 'bioavailability* in recent- : 
ysars- . The American Pharmaceutical" • 
Association flj- defines . bioavailability .-as 
i term used* to ijidicafc measurement' of both- 
rbe . . .relative amount • -of an— a'dimni- 
stered drug that reaches tls.s " geoerftr 
circulation anl the rate at which it occurs. 
Bioavailability is controlled - "by man v 
Factors which include" the route of ad minis- * 
t rati oh, dosage form, particle size, and 
methods of preparation, etc' as' "well as 
phy sicochem ical properties of the drugs. 

In the field of drug design, the 
consideration of certain physical and 
chemical paraocciers is of prime impartanc,. 
Certain physical factors of drugs would 



i&ta rr. 

^pUty"^. great. role in their bioavailability 
as well . as pharmaceutical manufacture. 
Polymorphism, if not. properly studied and 
taken into cons i deration, can bring about * 
a great number* Of complications during the 
process, of drug design, -manufacture or its 
shelf- H'.fie-: Polymorphism is a possible cbmpli 
cat iq a which needs" careful and prolonged 
studies to determine the most suitable poly 
morphic form for the" preparation of>a drug, 
dosaj; form. Polymorphism has been 
deJrnsd. by .many Workers acid summarized 
by earth £2J as follows, "Polymorphism 
includes every possible difference encoun- 
tered via the-' ' crystalline lattice of a 
substance- of constant chemical composition 
excepting homogeneous- 'deformations." 

The polymorphic ..forms usually but 
not always belong to different crystal 
systems. When the change from one 
polymorphic Form to another is- reversible, 
it is said to be enani iotropic. When the 
transition takes place in one direction only 
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i.e., from a metstable form to a stable form 
the change i% said to be mono tropic £3], 

A variety of' phenomena often confused 
with. polymorphism may be termed as 
pseu do- polymorph ism. Tbey Include desolv- 
ation, second order transitions, dynamic 
isomerism and boundary migration of 
lattice strain effects £4]. 

Many substances exist in two or more 
crystalline forms and are said to be polym- 
orphic Braridstettr-Kuhnert has stated that 
about one in every three organic compound a 
exhibits polymorphic" -behaviour £5). The 
differences sere primarily -in- crystalline 
structure which, give %iae to -differ e nee m 
physical properties- .The mole? coil as of 
drugs exhibit- different space-lattice 
arrangements in ►the crystal from one poly- 
morph, ro the- -other, .-\a.Trd_ have physical 
-properties such, as density, . meltjiig'. point, 
dissolution .rate, - solubility, - n&rdness, 
crystal shape,- .-crysta L habit, rrJabrfi ty and 
optical properties, - etc. £67* 

.At any , one j t,e p erAtu re and., pi assure 
only. one orystaJL. form... pf ^ dj&fg is, stable * 
Wd a»y other ^poJy^mq^h. existing . under 
these conditions, will . epp^et^ to . the stable 
form and when the>. conversfjem^ 1 e^;."*! . is 
greater than pne : .jday>. ^he pblynaojcph is 
said to be metasi^^^ather than unstable. 
Adetastabie state is one in which equilib- 
rium persists with .respect to all but one 
phase.. The molecules, in a . roe tas table 
crystal form are in a high epergy level thai* 



those in the stable form of the drug, be nee, 
the metastable form has a lower melting 
point and higher solubility [7}. 

Dissolution rates and solubilities of 
3 polymorphic forms of chlorarpphon Icol 
pa Imitate and mefaoamic acid were 
measured £8] and It was suggested that the 

significantly effect the absorption and 
resulting blood levels. 

When, the rate of conversion " of a 
. metastable Xorm is so" slow as to 'be" negjTg-. 
i ble, - the sol ubil ity of -the .pom goun wUl^ be - 
maximal and will ha ve ' a "faster* ra te of 
dissolution and hence absoiption. Tins 
biophacmaceotjea] property of the metas- 
tatic, ..polymorphs .could -be explained for 
achie ving better .results in the formulation 
of drugs, especially in the unit dosage fords 
of the drugs. An interesting example is. 
that riboflavin which exists' in three 

metastable. . forms which diflfer in thier 
water solubility. The therapeutic efficacy 
increases, with the increase 5n solubility [9J. 
the pjtajeaomgnon.of increased absorption has 
alsp^-b^en^ demonstrate/! by the. admio'iJtra- 
tion ; QjT;t.he two fjorms of methyl prednisol- 
one wherein, in .vi^o.. studies of polymorphic 
Form ^..sliQjyed :1*.7. times, higher, absoirp- 
non^ate than JfQjerjjuI aq^.,^ yifro dissol-u- ' 
tion rate was i,4 timcs higher. £7]. 

Mealey has confirmed fib] the existence 
of two species of the io,w temperature forms 
(II A and JJ B) of suipahtbia^oie postulated 
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by Moustafa and Carless rill and by 

sb«asaiww l 'm'.*&» 4h n Sasaki 

mature ofJfc v *fwfci W^'tfi^-^^^iStf 'of 

{convejjgJ^Oy 

•ski ^gyi?„^; i, ^OT i ! 1 .^^^ 

it 'seam»*profil. 

study of IS aulphonapxiaea showed thpt 8 " 
exbl bl ted polymorpfiKaf^rft) - Aill io^Ssh 

J and II to have the same .solubility. ■ / 
^^^^ f^^r'AW agWjW*. have 

d * r Wk. ra £?* *<ffe?fl? "4*if|W^ ja£Td 

' °f asprjn * 

n-feexane 
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by «ing . '-95 ^ c 
n-hexane. The. two 

form produced form 
mvch' mo'r? ^ulcitSy. 

Fn ?e rt n ^ru ga^ ; t^e incJcAeqee ofm^ 
lb an two polymorphic forms " is not 
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Polymorphism dt £>rug A\ailaJbfliUy 

:®I^R^V^Jv«. tidied . to" 'fiud out, thinly - 
*?&?£?£lc .^ha^ionjv ^1 compounds, ^om 
j kSSRWl j^^Y^ 0 ^ ^b'>m. Coc^sone 
acetate And'riKnflAvm showed more -than 

conoludcd: tba$ 
_ noTymOr^bio 

lattice sutures wbjcb^an^be - djstinj^ished 
^fi ray . : pWEiM«?«i jeatte^s.and infrared 

different solve! " 

cations' 
net 

of ■ 1 ^ Al ^ >B *? k,< ' es obJymor^bism 

sol vales id two. compounds The Jj-aTnino 
^^f 11 !?^ *^$ c ^rjly^cD; atom and 
< ? ? 0 ?*.° r - J nc 3u*!^nona in'id es group 
w f^'"^fi^: t -?rW.* 'iiol^d.Jin various 
hydfofien-bondJDg - arrangeinen ts. 

Amorphous & Crystal I iW Drugs; 

*iff^ consideration of am orphVus amf 
° r JSS$H&* ^avi P uraf.thc drugs is alio 
:?S a ^:"S°B ie <*rugs addition 'to 

f^SSSMJ^JW^Ptto fP«»s triay also ex * st 
i?S5J2fe$£f?fc r:**^*«W as crystaUme forms. 
T ^?jV"* y i a molecule of <±rug 

to I f ft ar%Jhe lattice of Us crystal is more- 
? a °fe^ ai ^^i«-dfor a molecule of. 
^J.fP.^fti.pJHter. C6). As such, 
axndrphous f^rm of a .compound is always 
splube than the^correspp^diog orystaiHne 
rorm „ a . ild *h«refore may exhibit different 
therapeutic 'level. 
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*• ' r Th e structural u n i ts of - o ry stal lino 
soll<J5- 4 afB arranged - In* fixed geometric 
patterns- or "lattices and tbese' units which" 
tfiwstUute the crystal str lie nix* can be atomic, 
*Onic -dr in olecu far- In 'general, 'based on $fie_ ' 
bonding behaviour^ *' ionic and aforbic 
cjSystal^are w bard* and Vrittie ha vrug'nlgher ^ 
rndtfiSg - ;pourt£ - a*sr- : * * c^m'par^d , J , tp ." 
motecuter r cr y sta Is - * ' w If ich •/ a re . ./offer I ap d , 
have lower mel : l frig ^dinei* " [1 z .. T* 1 *'" Very " 
po-omlnent^ examples "or cryataldne "and,, 
characferi sties in *■ drugs are those \ojf ' 
Novobiocin ' -"[19] 'and * chl b ramp hen fcol ~ 
paUhltate I20}i - Both, these f pharma " 
cevtically important ' antibiotic* . when \ 
administered in crystalline form' do not . 
show effective blood levels and hence no. 
biological activity ; this' is mainly due to 
ihfe'- extremely' low sohibilifes or "the. two 
drugs'. -However," their amorphous forms - 
■show reasonably good and effective results." 

New compounds are i-spxne times obtained ' 
in crystalline forms which are metas- 
ca ¥i!?J B * DaWrc aoci prove to be so in the 
filial; formulation: .especially 4a suspension ' 
preparations* Transformations of metastatic 
compounds .to more stable forms specially 
in aqiwus . preparations create considerable 
changes in the. final* formulations and oau.ee 
difficulties ; ia their . manufacture. These 
changes taking place in the liquid prepar4.- < 
tions- include growth in" particle size, 
changes in vjscocity,- excessive "sedi men ra- 
tion, and cementation and as* sueh can \ 
destroy or deteriorate the product and.?*- 
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adversely; affect the bio-availability (21], 
Drugs' as SoJTatf s and WydT^tes;, _- • 

- ; " -Soiniff' • drugs r \ when'* eary a'taftfcad as" 
lrydrates 5 : , ~ C T>r^' i sbiv&tes"' "snow' . definite.' 
chemical' ^composition an'd distinct '' physical 
pVdpe'rtijss^^Treis'-may .Tje "Well understood I 
^^t'^olv^tes anb^h^djrUfeis r pfa' compound ■ 
a ff "^ h W '^be xe^resentod a& 'the 

polymorphic 2 forms' of that " ibnj pound . It ' 
i*hoi\mrFect fo "use"' the term - polymorp- . 
hJs^ 5 ox^ "icr^taJ modification to. refer to - 
crystals loir substances whmb just, -represent C 
structures in connecti on jwrth varying, 
decrees of sorvation. t^jf * 'J. \ \ ' • " . 

*' The state of '"hydration. *pr dru^s can 
affect some physical,' chemical and" b jo log- , 
ical properties dr* drugs! More" than often 
the- -anhydrous- forms "bf "an : organ Fo comp- 
ound,; is^ more Soluble thai the> _, hVd ra t e". 
Anhydrous^ aucf> trYhydrate for'nis of' 
ampicHJin wer6* v studiedF* 2 r23j on dogs ' as 
snspenstoipr. and "capsules l : . The result? 
showed, that anhydrous 'form" had better ', 
absorption and greater bioavailability thca 
the tri hydrate. The-* hydrates' or 'solvates of 
such* d*ugs would show' comparatively 
much lesser In vivo absorption and in vitro ' 
disroiiitforV. Prednisolone' tart butyl acetate 
C24^ wheh compressed t s tablets and 
i aa pianted^P s ubcntaneoiis jy iri s rats * sho wed 
the difference between' the* a^hyefrous and 
JBonoethanol solvate. The solvate showed 
4 tkacs higher absortption rate " in Vhe 
animals. s\> |3;4- percent edfanol- water , 
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mi future was used to obtain hydartcil form 
of slmetlliTnidre ba^nsTijehjng' pomtolf ~68G 
and ' way * compared- Wtb - "th e * ' 'anJSy a/ous 
d rug faWvis^ rmstftng'" point Of 83 C. For J t>4 
f/i i/frro dissolution r b^^ 

form 5 was- 1 : £-* times' faster in Its . tJ i^sol u t i d n J .* 
as co capered to the h yd rate f2 if J ' c -*".*-• -' ° 

- T!° e 5^*? d >,5»JtJMC" * relationships . "of". * 
m e tlay! " p re d ni so I one Ihyo 1 lyTbs^ poj y eg r phis ai \ 
and* soluof Jity _wef eT examined *t2*5j In water," 
decy^l aicb hoi ' " ana ' a" o de^yf ^ a 1 c ohoi atf - . r 
voribu* "f6fi»pfcratnre*: 1 : '^The ' *tw b". * ^T&f msV ' '* . 
showed independent solubility ratios "In 
respect of solvents. , At^oom ; . :w t^mperajtiire5 
the activity of the more energetic form II 
Of the- dfcUg- was ' found to : be- aooutf 30~ : 
percent greater -thati that* of the morel stable 
form^Ti' - f." r.- r V: - : -X" \ ? - 

PHARjwrkGEtJTl CAL -* -PREPj^ATiONS 
(a) JCnemlcar atsnilUy: 'fr ; 

Different", crys t& 1 line ; . phases. - of ..the . - . . 
samk', ^ojaig)"und./haye different i cfremioaj^ 
stabilities., .Coxrlcoste^pid suspensions when .- - ^ 
industrially-, .prepared. ^ showed ^Jbmtctu fP"-.: ; . ~ 
batch difference in tneir.staJbiliry^.ilowcver^V. ^_ 
an x-ray differ act ion analysis , of the \ 
starting raw material discYdsed'the" poJym- 
orphic.di^erences and. explained the „ stabj- 1 
li ty beha vioux f w£ |cb jc ould .be .due -to. the. * ~. . . 
solvents' occluded or the absorbed mother ~ . 
liquor , [26J. .... ........ 
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mm Crystalline potassum penicillin, can.- 
withstand dry ' heat for .quite some. .time. - . 
without-' considerable ' decomoposition but., 
amorphous .type^ looses its .activity to. quite.. . 
an extent. This property is very impoi tantL 
in preparation which require penicillin, to -* 
be coaled *pr. deposited. Penici llin suspepsi.--^ ; . 
on prep aired* with crystalline powder would 
be To a xnucji fln^r .state of s ub - di.vi si on r \ 
witb~g renter stability than tb.ose . prepared?* 
with amoj-ph pus. powder. ... 

O) Tablet Compression : '"*" ~- ' 

Polymorphism is a function or internal [ 
s t rupture, of c cy s tats, whereas .the outer ap o - 
earaoqe of a- crystal is- termed: as its- habit* ; v _ 
In the compression.- of tablets when- the- . < 
major .portion; or -bulkr of a- formulation -is r 
the active ingredient,' then all othcC .con : j -< 
ditions • beings equal, -the correct choice of 
right polymorph is the one with a habit that 
can be compressed easily into tablet' -for ml 
Different habits of the same compound, can m 
create hurdjes ^ each batch .when-thc/habit^7_ 
of tbeffirug changes f ^7] v - , ; : : . *- - ' . - V{L 
Cc) P«ti cte S1**F t-:- " ■ * ■:. z. ;:^ 

.polymorphism can be used in* pharrna-.^ r r y 
ceutical- , industry. in. the preparation -of fine 
particles;- .*- by ; - using- _*it.he - density .. , 
difference* for enan liot r-p pio polymorph^.. ; 
Di ffer cat • poly mprpb s ; .of thp L _ same, . : 2t ^ 
compound - ha^e. different . densities , 
and so when one polymorphic form - is • 
heated ajbove its conversion tempetpture to ,..^ 



form' another polymorph, strains ,-will .be^ 
dev^opcfST in i'his later polymorphic forov 
on codling to rooifi temperature -IT-be 

fr^cr^Vin^iSt^fLner port iciest 'tAjs. '.opftra- 
tlo^^aiP&^^oW 'op;*. Wn^suxgC* ; 
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polym orpliic toFma* 3 6 exis t J n 4 c£rxip,ciur«3 r 

even more use Ail and preferential over 
micro nidation HJ- ~ 

Ca") J-Roly^n ar Ization e ... 

"* - * * 

Xrito'tylvjnylphx>sp!n.onium [28] bromide 
e X T S 2 7 jn^n¥fe^ ^n^SV-ou^of'^c > h - /*pltta^»tf- ' 
3s Mte^5stSl>te* Sil^--po*l^nief1ze^f«sf er"f "tfiaji - 
the o(fiCT*twbpB^s9s.' 1rne~raf?jd ppf£n}£rl-* * - 
zati^n^s mi^td srerio Ahd> $otr£p3b&kcti&i 
'whffea^S'a^flca'-by ^rystalin'e sifi&tiir^?; 

(e) Sau»^ttpr,fcej* .r 

base can lead to abi 
tioa impossible to be 
melting behaviour which is the- most ^ jnipor- 
Cant characteristic of. rfce -.suppositories. 
TJ^o^r^nM- off'wBrivfi" fa fJELe mosY^p'6pn/ar 
anoT^gely \ise^ 

unsSB^^&ms \vB5cb mete at 18, 22 Sc 
and o^QTr^^BTe^fbfn^ffieltin^ at 34.S°G7. 7Sfci*7 
ult iina^- tran sWrn%ti oir 1 o^SifcsfaSle rdra^' * 
to stSj^Form may**tafce pVacVif tacsAp'-"" 
positories are ' fefT: in -The' mcfeldcs for* few 
days/*" tJnneoessafy heiftn'M brother' ^asV at" 
relatively higher temperature and ultimate 

*4 




immediate entiling causes the unstable form 
to appear.. Suppositories so orepared ^ will , 
me¥t_at* about 39»C. 5 / T^e^oyerfieS^ns of the : 
oil a J so "causes^ se I indentation of £hj^ actiy e 
ingredient" Jaii'd excessive- contract top on. 
chilfiug bearing a ^depression in the pro- 
duct. Properly nesting the base only a few 
degrees above its^ melting r>oittt (34 .5C^ _ an d 

rf&atioja' nuclei 
a^ui^lfo?^; 




CO "Par-enter aT Preparations ; 

- - - •« - . — 

Xf^' polymorph ig, behaviour of drugs also 
■* piays^a b'iji role in.* the .absorption rates, of 
parenteral preparations. The differ- 
ences in water solubilities cause pron- 
oun ee d effee ts: on the - absorption rates^ an 1 
. change _ the. entire expected btpavarrl ppjjdj&y 
Exaxnples of compounds like methyl predni- 
solone, glutei himide, n oevob ipepy, anaipicplrn 
and different hormones -- have been -cited in- 
Wrla^^^^^ 

rc^e^^^stal^grSw^^ ^no^-Fbn^' e^eS tnfr* 
oral^rfcfara^o^ 

cultfe* <&$M enteraV promts' ^eciair? &£' v r 
probfSft ^rTn^ltf^r^^-^-' ^™* r ' — 



uticals, 
to 

the v^nicle. A the r mo dynamically dnSaoTe 
formulation will result if a metastable form 



jcals, the primary consideration, should be- • 
dete-rrnt^e 1^%^^^^^^^?^^ 
e v^nicle. A the r mo dynamically oniSaiffe"' 
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of the drug is used, and if the quantity of the 
drug in the system exceeds the equilibrium. 
Solubility determinations for this class of 
preparations should be rqadc with a most 
stable as well as most soluble form The 
most soluble form may not necessa- 
rily be most stable. Chance nuolea- 
tlon of the stable form .may however quick- 
ly result in recrystallization. Steroidal drags 
which are sparingly water soluble frequent- 
ly cause such problems,. These problems 
£4] can be, minimised, by formulating the 
drug with a suitable co solvent. 

O) Creams Suspensions.; 

Certain suspensions of cortisone acetate 
polymorphs - were prepared and it was* found 
that a physically stable aqueous suspension 
is difficult to ma Ice ; crystal growth of; the 
dure occured invariably with subsequent 
calcine and sedimentation. 

Polymorphic behaviour in the case of 
pharmaceutical creams is not very different 
from that of suspensions wherein £ phase 
inversion takes place from that of metas* 
table to a stable form resulting in crystal 
growth and the vehicle yielding gritty unao 
cep table cream. Unevenly distributed active 
ingredient proves that an undesirable' poly- 
morphic form of the drug has been used. 
The best method to avoid such a perfor- 
mance is to choose tue polymorphic phase 
which is least soulble in the base. However, 
if the phase conversion is very slow, a more 
soluble, metas table form can safely be 
used. * 



The traji 3 Formation from metas table to 
stable form Is a rather tricky point and can 
only be detected through or thorough and 
complete study of product formulation and 
stability. They are difficult to predict in the 
earlier stages andean be detected after x-ray 
differactlon, hot stage microscopy, d if fer en- 
en tial thermal analysis and other approp- 
riate techniques. 
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